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The direct photon radiation from a hot and interacting fireball system of a rich baryon quark- 
gluon plasma using the Boltzmann distribution function for the incoming particles and Bose-Einstein 
distribution for gluon and Fermi-Dirac distribution for quark, antiquark and Boltzmann distribution 
for gluon are discussed subsequently. The first two distribution functions are chosen for the photon 
production of the first case and the last two functions are considered for the second case of my 
photon production. The thermal photon emission rate is found that it is infra-red divergent for 
the massless quarks and this divergence in the quark mass is regulated using different cut-off in the 
quark mass. However , I remove this divergence using the technique of Braaten and Pisarski in the 
thermal mass of the system in my model of calculation with a coupling parameter of QGP fireball. 
Thus, the production rate of the thermal photon is found to be smoothly worked by this cut off 
technique of this model and the result is found to be increasing function with the increase of the 
variation in the value of chemical potential fj,. 
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The study of the fundamental theory of strong interac- 
tions [l| is very much important for the present scenar- 
ios of heavy ion collider physics. This strong interaction 
shows a phase transition from normal nuclear matter to 
very high nuclear density of deconfined phase of quark 
and gluon which are defined as colour exchange particles. 
These deconfined quark and gluon form plasma state of 
matter , the so called Quark-Gluon Plasma (QGP). The 
creation and evolution of such deconfined state of colour 
quark and gluon is due to the central collisions of two 
massive nuclie and it has now become a subject matter of 
present day of heavy-ion collision at the BNL Relativistic 
Heavy-Ion collider(RHIC) and the CERN Large Hadron 
collider (LHC). Moreover, the formation of this QGP is 
in time scale of 1 fm/c after the collision 2\. Per- 
haps , it is presumed that the early universe was in this 
state upto about a few microsecond after the Big-Bang 
or in the interior core matter of neutron star. Today 
the core program of ongoing relativistic nucleus- nucleus 
collision and heavy ion collision is to study the possible 
QGP phase of Quantum Chromodymics(QCD)in which 
we study the properties of the strongly interacting mat- 
ter at very high energy density and temperature. So the 
experimental measurement and theoretical investigation 
is one of the basic concepts in heavy-ion collisions. More- 
over , if plasma is formed in such experiments , then there 
will be questions of emitting a large number of particles 
which consist of leptons and photons. These photons and 
leptons carry high energy [3( and these electromagnetic 
productions are of much interested as they can not inter- 
act strongly in the subsequent process of hadronization. 
They have a large mean free path due to the small cross 
section for electromagnetic interaction in the plasma . So 
they carry the whole informations about the existence 
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of the plasma and it is moreover true that over a large 
range of expected plasma temperature , its radiation can 
be observed throughout its evolution. On such aspects 
of electromagnetic radiation , they are considered to be 
the good probes for the formation of QGP. 



So far, calculations of the photon production in a QGP 
at finite temperature have been studied and this tempera- 
ture is related to the energy density e given by the stefan 
boltzmann e ~ T 4 and the thermodynamic relation for 
the system is given as : T^—p — e ; p — ^aT i — AT and 
the linear term is the non-perturbative effect for calcula- 
tion of the pressure and 'A' is a constant parameter. As 
indicated , most calculations do not involve about the 
chemical potential in electromagnetic production even 
though there is no fully transparency in central midra- 
pidity region shown by microscopic models [4,5]. Even 
at experiments at AGS and SPS , the chemical poten- 
tial can not be neglected. In this situation , the photon 
production is not only the functions of temperature but 
also the chemicalpotential. Among the few calculations, 
Dumitru et al. [6( calculated the photon production in 
rich baryon density and M.Strickland 0] too , found 
this thermal photon using Jittter distribution function . 
Again , Hammon Q and coworkers have indicated that 
the initial QGP system produced at the RHIC energies 
have finite baryon density. In this way , Mujumder et 
al. [|[ and Bass et al. [To| have pointed out the parton 
rescattering and fragmentation lead to a substantial in- 
crease in the net-baryon density at midrapidity region. 
Very recent work by He Ze-Jun et al. [ll[ is one of in- 
teresting results of thermal photon from this rich baryon 
QGP too. Thus, quark chemical potential is very much 
influencing factor for the calculation of this paper. As 
stated above, the Stefan-Boltzmann function for energy 
e ~ T 4 , it is modified that the EOS for this case is 
expressed as: 
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where these equations give thermodynamic potentials 
for fermion and boson particles, gf and gb are the respec- 
tive degeneracies that measure the degree of freedom for 
fermion and boson. On this thermodynamic potential , 
the number density and energy density are obtained. 

n = ^d(T InZ) /dfi; e = Td(T InZ) j&T + an (3) 

In this paper , I did the calculation of the photon 
radiation at transition phase around the temperature 
T = (0.15 - 0.17)GeV as well as the hot phase of QGP 
system i.e the temperature T = 0.25GeV and its compar- 
ision about these two results when I use different distribu- 
tion functions for the calculation at these temperatures. 

The process of these finding is being done by using 
QCD annihilation and compton process between quark , 
antiquark and gluon by using different distribution func- 
tions for quark , antiquark and gluon. I used the mass of 
the quark as effective mass with the coupling parameter 
which is obtained through QGP fireball formation. The 
coupling parameter is calculated with this paramcrlised 
factor 7 9 , g [15]. 
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where j g = a"f q and 'a' is either 6 or 8 with j q = 1/6 
Photon production from a rich baryon QGP: 

The calculation of photon production from a rich baryon 
QGP is found to be very interesting theoretical problem. 
So I begin the calculation of virtual photon yield through 
the Drell-Yan Mechanism as : qq — > jg, q(q)g — » 79(9) 
. In this mechanism , the different distribution func- 
tions are used for the incoming particles i.e quark and 
antiquark. In the first process of the calculation , Boltz- 
mann distribution function f q (E q ) = exp(— is used 
for the incoming particle and Bosc-Einstcin distribution 
fg{E g ) — exp ^E/T)-i f° r gl uon i c particle. The choice of 
such functions is attributed as the usual pattern of the 
most calculations .Thus, In my case pjj], the photon 
yield rate per space volume for the annihilation process 
is given below : 
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where fi are the particle distribution functions of Ei , /x 
and T , i = 1,2,3 denotes the quark , antiquark and 
gluonic particles and \Mi\ 2 is the amplitute for the corre- 
sponding collision which is given as: |M,| = jj^-{qiq~2 — > 
r yg)v qq and N s is degree of freedom of the quark. By 
pluging the corresponding distribution function in the 
above integration , it obtains the photon yields through 
annihilation process. 
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and this expression is independent of the chemical po- 
tential. But in the compton process, it can be performed 
through these two reactions : qg —* jq ; qg — ► jq. 

In a similar way, it does the compton process with the 
same frequency distribution and its photon yields as: 
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Here , again \Mi\ is the amplitute for the correspond- 

m 2 = - 



ing collision which is given as: 

where, v gq ( q ) is the relative velocity between the quark 
and gluon. N s and N t , in this case too, indicate the de- 
gree of freedom for their interactions. Thus , by pluging 
the corresponding parameter the photon production or 
yield per space volume is given : 
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where CEuler is Euler number 0.577215 . In the above 
equation , the first polarity =p shown in above equation , 
the upper one is compton process for the quark and lower 
one is for antiquark and the second polarity =p shown sec- 
ond in the equation is for antiquark and quark . So now 
the final production rate for both cases of annihilation as 
well as compton process is shown in Fig.l and 2 subse- 
quently. This calculation of photon production through 
annihilation for the hot QGP system as well as transition 
temperature is shown in the Fig. 1. 

Again for the second calculation of photon yield, I pro- 
ceed the same technique through annihilation and comp- 
ton process by using the Fermi-Dirac distribution func- 
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quark and antiquark for strong interaction and Boltz- 
mann distribution function indicated above is used for 
gluon. I like to compare this results with the previous 
results as mentioned in the first case. Pluging the cor- 
responding frequency distribution in eqn.(5) and (7) for 
annihilation and compton process , I obtain the photon 
production rate per space volume and found to be as : 
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where CEuier is the same Euler number and 
a e = 1/137. 

However , in this annihilation process , there are 
two major parts of the contribution in the photon yield. 
One is due to quark and another is from antiquark. 
This result too is shown in Fig. 3 and the corresponding 
calculated photon yield rate through compton process is 
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Again , here the polarity before the exponential func- 
tion , the upper one is for quark and lower one is for 
antiquark. The above expressions show the computed 
thermal spectrum results. There is in need of setting the 
quark mass in all photon yield expressions as the mass- 
less quark shows divergent in the infrared region. So the 
quark mass is replaced by infrared cut-off which is 2fc^. 
This replacement is being done through the technique of 
Braaten and Pisarski [l3| and k\ = \g 2 T 2 where ' g' is 
QCD coupling parameter . This parameter is obtained 
through QGP fireball formation model. The magnitude 
is given : 
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FIG. 1: The photon emission rate through ann,Y = E jp d4x , 
log(Y) at thermal temperature T = 0.25 GeV and 0.17 GeV 
with the parameter 7 9i9 through the Boltz.dist.for incoming 
quark , antiquark q. and Bose-Ein.dist.for gluon 



with the QCD parameter A = 0.15 GeV and k = 



TV 3 T A \ I 



is low momentum cut-off value with N 



( 

Tpjr where 7 9 g is the phenomological flow parameter [15] 
defined above to take care of the hydrodynamical aspects 
of the hot as well as transition QGP droplets . It is obvi- 
ously found that g is approximately equal to 1.29 which 
is slightly strong compared to the other calculations and 

2 

«s = §-■ 

Results and Conclusions: In this present paper , I 
attempt to evaluate the photon production rate through 
two processes using the Boltzmann distribution function 
and Bosc-Einstcin distribution function for the incoming 
particles quark, antiquark and gluon for hot QGP system 
as well as just around transition phase region for different 
coupling parameters based on j g — 6j q or j g — 8j q in the 
first calculation . The photon production rate for both of 
these coupling parameters are found to be almost similar 
in both the calculations of annihilation as well as the 
comptom process in this first case. So either this 7 factor 
with 7 ff = 6"f q or j g = 8j q is very important for photon 
production rate in both cases with this two temperatures 
[14| . In the annihilation process of the first case, the 
chemical potential does not play any role for both of the 
temperatures but as the temprature rises , the photon 
production is less suppressed with the high temperature 
which is clearly defined in Fig.l. In the case of compton 
process , there is some effect in producing the photon 
when the chemical potential is very high compared to 
the temperature. There is diverging even though by the 
effective mass of the quark with coupling parameter at 
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FIG. 2: The photon emission rate through comp,Y — 
E d dPd™x ' lo g( y ) at thermal temperature T = 0.25 GeV with 
the parameter 7 9 , 9 through Boltz dist. for quark q and Bose- 
Ein.dist.for gluon. 
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FIG. 4: The photon emission rate through comp, Y = 
E <i dPd™x ■ lo g( y ) at thermal temperature T = 0.25 GeV 
with this parameter 7 9i9 through Fermi-dirac for quark q and 
Boltzmann dist. for gluon. 
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FIG. 5: The photon emission rate through comp, Y = 
E d dPd™x ■ lo s( y ) at thermal temperature T = 0.17 GeV 
with this parameter 7 9i9 through Fermi-dirac for quark q and 
Boltzmann dist. for gluon. 



FIG. 3: The photon emission rate through ann,Y = E ^ dix , 
log(Y) at thermal temperature T = 0.25 GeV with this pa- 
rameter 7 9i9 through Fermi Dirac for q and q and Boltz. dist. 
for gluon. 



low temperature. Only when the chemical potential is 
around y = 0.25 GeV , the result can be obtained at 
the hot QGP. At transition temperature , we can not see 
this photon radiation. 

In the second case , the photon radiation through anni- 
hilation is found to be sharp with the chemical potential. 



With the increase in the value of y, , the photon radia- 
tion is increased in the hot QGP shown in Fig. 3 and still 
divergence is coming out for the transition temperature. 
But the compton process such as qg — > jq , the result 
is shown in Fig. 4 for the case of the hot QGP. Again 
, it follows the behaviour of the annihilation with less 
suppression. Now , the photon suppression for the tran- 
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FIG. 6: The photon emission rate through comp, Y = 
E d dPd™x ' lo &( Y ) at thermal temperature T = 0.25 GeV with 
the parameter 7 9>g through Fermi-dirac for antiquark q and 
Boltz.dist.for gluon. 



, there is no much distiction about the suppression with 
the chemical potential even at high temperature with- 
out resolution in the scale. Looking into its resolution 
, I can see their distiction with effect of the chemical 
potential /i. Moreover , it is necessary to look into the 
case of this photon production due to the transverse mo- 
mentum P factor too. Only the transverse momemtum 
P plays the role in the case of annihilation process of 
my first calculation. There is a wide difference in their 
photon production with the low value of the transverse 
momentum. It can not observe much difference in the 
second case of my calculation for both annihilation and 
compton process. Above all , photon production or sup- 
pression is observed in both the cases of temperature for 
these distribution function in the second case . But it is 
well contributed by the hot QGP. It shows that there are 
emission of electromagnetic radiation in the hot QGP. 
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